Fourteen captive snakes of three genera and four species had severe chronic hypertrophic gastritis. Persistent postprandial regurgitation and firm midbody swelling were the most common clinical signs. Fecal smears had many roughly spherical organisms confirmed by ultrastructural study to be oocysts of Cryprosporidiurn. Pathologic changes included hypertrophy of gastric mucosa and atrophy of granular cells. There were cystic changes in gastric glands and focal mucosal necrosis. Many Cryptosporidiurn lined microvillar surfaces. All developmental forms were identified by ultrastructure. Characteristic oocysts were found in abundance.
for 3 weeks to 7 months before death. Progressive weight loss was characteristic of all affected snakes.
There were four species representing three genera of snakes. Affected snakes were all over 2 years old.
Materials and Methods
Feces were examined by sodium nitrate flotation and direct smears. Selected smears were stained with modified iron hematoxylin [20] , periodic acid-Schiff (PAS) and Jenner Giemsa.
The 14 snakes were necropsied. Gastric mucosa or contents from seven snakes were inoculated into selenite broth and plated on Salmonella-Shigella, MacConkey or phenylethanol agars.
Tissues were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 6 micrometers and stained with hematoxylin and eosin (HE). Selected tissues were stained with azure-eosin, PAS, Warthin-Starry, Brown and Brenn, Gomori's silver methenamine, alcian blue-PAS, mucicarmine and Masson's trichrome.
Gastric tissue from snake 11 was transferred from formalin, cut into 1 .O-millimeter cubes and washed for 2 days in phosphate buffer (pH 7.2). Fresh gastric tissue and feces were taken from snake 12 and cut into 1.0-millimeter cubes. These tissues were fixed in cold phosphate-buffered 4% glutaraldehyde (pH 7.2) for 90 minutes, washed in phosphate buffer and sucrose (pH 7.2) and then fixed in Millonig's phosphate-buffered osmium tetroxide with sucrose (pH 7.3) for 90 minutes. Tissues were embedded in Spurr lowviscosity embedding medium [21] after dehydration in graded ethanol.
Sections 1-micrometer thick were cut and stained with toluidine blue. Selected blocks were sectioned at 60-90 nanometers with a diamond knife, stained with uranyl acetate and lead citrate and viewed with an electron microscope.
Results
Feces examined by flotation and direct smear did not show a parasitic agent. Modified iron-hematoxylin-stained direct fecal smears had many spherical organisms from 2.6 to 6.0 micrometers in diameter. Most were surrounded by a grey-blue, dense, undulate membrane with poorly discernible central features. Organisms in PAS-stained fecal smears were from 2.8 to 3.6 micrometers, more ovoid and contained intensely stained crescentic sporozoites. Organisms in Jenner Giemsa-stained fecal smears were similar in size and shape to those in PASstained slides; cytoplasm was light blue, and round to oval intracytoplasmic bodies were dark blue. These structures were interpreted as oocysts. Oval bodies 1.8 x 1.2 micrometers with intensely blue cytoplasm and prominent eccentric nuclei were also visible with Giemsa stain. These were interpreted as free trophozoites.
There was an increase in the diameter of the stomach as well as a reduction in the luminal diameter in all snakes. All snakes had edema and thickening of the gastric mucosa and exaggeration of the normal longitudinal rugae to which copious mucus adhered ( fig. 1 ). Mucosal petechiae, brush hemorrhages and focal necrosis were common.
There were pale, tan, fatty livers in all snakes and anterior bronchopneumonia in snakes 4, 7 and 8. Bacteria isolated from stomachs are summarized in table I. Citrobacter, Proreus and Group D Streptococcus were isolated most frequently.
Sections of gastric fundus from several snakes, including amelanotic corn snakes that died of nonalimentary diseases, had architecture similar to that described for reptile stomach [2, 131. The mucosal surface had tall columnar epithelium with microvilli that stained in the apical region with alcian blue, which indicated acid mucopolysaccharides. Identical cells lined the gastric pits. The gastric glands were well demarcated by mucous neck cells that stained uniformly with PAS, which indicated neutral mucopolysaccharides. The remaining gastric glands were composed of cells with eosinophilic granular cytoplasm. These cells, termed granular cells, were combined chief and parietal cells ( fig. 2, 3) .
The mildest change, which was found in three snakes. was hyperplasia of mucous neck cells with abundant neutral mucopolysaccharides that filled gastric pits and glands and adhered to surface epithelium. There was focal atrophy of granular cells with replacement by mucous neck cells. The normally uniform staining of the columnar surface and pit epithelium for acid mucopolysaccharides was transformed into alternating areas of acid and neutral mucopolysaccharides. The lamina propria and submucosa were edematous and infiltrated with a few plasma cells and lymphocytes with scattered heterophils ( fig. 4, 5 ) .
Many spherical to ovoid organisms were adherent to microvillar borders of surface, pit and glandular epithelium. These were best seen in toluidine-bluestained sections of plastic embedded tissues. Schizonts, 2.5 to 3 .O micrometers in diameter, had four to eight filiform merozoites and prominent narrow zones of attachment to microvillar surfaces. Trophozoites were 1.6 to 2.0 micrometers in diameter and had uniformly stained cytoplasm and prominent nucleus. Macrogametes resembled trophozoites but had many metachromatic round to oval bodies within the cytoplasm. Other forms, confirmed by electron microscopy to be oocysts, were the same size as schizonts but contained an irregular membrane surrounding very densely stained crescentic sporozoites ( fig. 6 ). Developmental stages could not be readily distinguished in paraffin-embedded tissues. Most organisms had foamy pink cytoplasm with distinct basophilic nuclei when stained with HE. Cytoplasm stained light blue with azure-eosin . Occasional intracytoplasmic structures stained intensely with PAS. The organisms were Gramnegative.
A change of moderate severity occurred in five snakes ( fig. 7 ). This consisted of complete replacement of granular cells by cuboidal to columnar epithelial cells with staining characteristics of mucous neck cells as well as surface type of epithelium. The mucous neck cells tended to occur in nests around pits that had formed in the hyperplastic epithelium. There was less intracellular mucopolysaccharide in the surface type of cell than in mucous cells that stained normally. There was much extracellular mucopolysaccharide. Cysts lined with low columnar to cuboidal cells frequently occurred in the hyperplastic mucosa. Fibroplasia and collagenization of the lamina propria and submucosa usually were associated with an intense inflammatory response by plasma cells, lymphocytes and heterophils as well as edema. Cuboidal metaplasia of luminal epithelium was usually apparent at this stage ( fig. 8 ).
T h e most severe change, which occurred in eight snakes, was superimposition of mucosal necrosis on epithelial hyperplasia. Mucosal necrosis was often multifocal and contained many Gram-negative bacteria. When necrosis was confined to the mucosa the inflammatory response was almost entirely epithelioid cells. There was extension of this necrotic process into the submucosa of two stomachs and this induced an intense heterophil response with abscess formation and edema. Cystic mucosal changes were prominent in all eight snakes.
The protozoa were attached to the microvillar surface of gastric epithelium and were surrounded by a double membrane that was continuous with host plasma membrane. There was a single or double parasite pellicle except at the attachment zone where unit membranes were not identified. Dense bands of host-cell origin were characteristic features of the attachment zone.
Trophozoites ( fig. 9) , first and second generation schizonts, and macrogametes ( fig. 10) were consistent with those of cavian Cryptosporidium [28]. A single Macrogametes contain large globular metachromatic granules (M). Oocysts are electron dense, crescentic sporozoites surrounded by irregular membrane ( 0 ) . Toluidine blue. microgamete was identified and oocysts were frequent.
Oocysts closely resembled the only mammalian cryptosporidium oocyst previously described [3]. They were from 3.0 t o 3.8 micrometers in diameter with several free sporozoites and an oocyst residuum separated from the parasitophorous vacuole by two membranes. The outer membrane was 30 nanometers thick and more electron dense than the inner membrane, which was 70 nanometers thick ( fig. 11 ). These membranes were also seen in sporulating oocysts in feces ( fig. 12 ). Unlike the fairly uniform round t o oval oocysts seen in stained fecal preparations by light microscopy, these oocysts were distorted and irregular by electron microscopy.
Discussion
Several features allow these organisms to be classified as Cryptosporidium : they had a strong affinity for microvillar surfaces with formation of an "attachment organ" [28]; they were invested by an inner and reflexed host-cell membrane [28]; and typical coccidian stages were identified in the endogenous forms.
Ascribing pathogenicity to Cryptosporidium when it is associated with a disease process has been a dilemma because elimination of other diseases is required. Transmission of Cryptosporidium has produced disease only in guinea pigs [27] . We have found Cryptosporidium unassociated with identifiable disease in the alimentary canals of snakes. The number of organisms, however, rarely a p proached the number seen in snakes with hypertrophic gastritis.
Reptilian cryptosporidiosis has several features that distinguish it from the disease in birds and mammals. In birds and mammals, it is a disease of the young and has an acute clinical course. This suggests a self-limiting disease with agerelated resistance. Snakes with this disease are mature and the clinical course is protracted and insidious. Once infected most snakes seem to remain infected.
The abundance of oocysts in reptiles is of interest because in mammals and birds oocysts are rare [3, 6, 281 . Despite the delicate zygotic membranes, the parasite in reptiles seems to persist as a sporulated oocyst within feces and not as free sporozoites as has been proposed [3] .
The life cycle of Cryptosporidium is unknown because there is a lack of knowledge about oocysts. Attempts to duplicate an indirect life cycle in mice and snakes have not been successful [ 5 ] . The different sizes of reptilian and mammalian Cryptosporidiurn as well as the host specificity of those species of Cryptosporidium in which transmission studies have been done [24, 25, 271 further argue against this two-host cycle. Guinea pigs housed with infected guinea pigs became infected after 40 days; this suggests direct transmission with a long prepatent period [27] .
The long clinical course probably accounts for the morphological difference between cryptosporidiosis in reptiles and higher vertebrates. In higher vertebrates the changes are predominantly epithelial degeneration and inflammation with attempts at regeneration (hypertrophy and hyperplasia) whereas in reptiles they reflect cellular regeneration to a greater degree.
The superimposition of mucosal necrosis in severe cases is probably the result of an inability of greatly hypertrophied gastric epithelium to resist invasion by normally inquilinic enteric bacteria. This is supported by the variety of enteric bacteria isolated from these necrotic areas; all are commonly encountered inhabitants of the normal snake alimentary canal.
The ophidian disease offers several advantages in further studies of pathogenesis and life cycle. The clinical disease is characteristic and, therefore, identifiable, and true oocysts in the feces are demonstrable. 
